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PROBLEMS IN AERIAL APPLICATION

I. Acute Effects of the Insecticide Endrin on Renal Function and Hemodynamics

1. Introducticn.

Renal hemodynamic changes in the dog dur-
ing the early phase of acute intoxication by
endrin,* a chlorinated hydrocarbon insecticide,
have been rveported by this laboratory.! The
sympatho-adrenal systems have been assigned a
prominent role in renal vasculur response, but
no attempt has been made to define a priority
of function. The present study was therefore
designed to evaluate the relative contribution of
the neural and humoral components of the renal
vascular response to endrin.

II. Methods.

Acute experimenis were performed on five in-
tact and six adrenalectomized adult mongrel dogs,
16 to 20 kg in weight (Figuret1). Each ani-
mal served a8 its own control, and effects of
various maneuvers were compared to a con-
trol period of 10 to 20 minutes prior to admin-
istration of endrin. All dogs were anesthetized
with sedium pentobarbital** (30 mg/kg) ad-
ministered intravenously. Convulsions resulting
from administration of endrin were controlled
by succinylcholine chloride*** (0.5 mg/kg), and
respiration was maintained with a Starling res-
pirator using room a‘v. Control samples were
taken after a minimum equilibration period of
30 minutes. Previous studies have shown that
-ascular changes due to succinylcholine chloride
and sodium pentobarbital are minimal. 3

Endrin was administered by infusion of a
lethal dose (10 mg/kg) in alcohol! (25 mg/ml)
into the blood reservoir. A priming solution of
p-aminohippurate (PAH) and creatinine was
added to the blood reservoir, and blood levels

* Endrin — 1,2,4,4,10,10-hexachloro-6,7,-epoxy-1,4,42,56,6,7,8,8a-
octa - hydro - 1,4, - endo-endo-5,8,-dimethanonapthrlene, obtained

from Nutritional Biochemical Corp., 21010 Miles Ave., Cleveland,
Ohle.

*¢ NXembutal, obtained from Abbott Laboratories, N. Chicago,
I

*s. Asectine,
Tuckahoe, N.JY.

obtalned from Burroughs Wellcome Co.

were maintained by continuous infusion with a
Harvard infusion-withdrawal pump. Urine was
not collected since renal plasma flow (RPF)
and glomerular filtration rate (GFR) were deter-
mined directly from the arterial-venous differ-
encs of the clearance reagents. Renal blood flow
was measured directly with a graduated cylinder
and stop watch. Blood was returned to the
femoral vein from a reservoir via a Sigmamotor
pump. Systemic arterial pressure (SAP) was
measured from the cannulated femoral artery
with a Statham pressure transducer connected to
a Sanborn direct-writing recorder.

A. Renal denervation experiments. Five experi-
ments were performed in which the kidneys were
exposed by incision through the flank region and
the renal vein cannulated for direct-flow measure-
ments, Care was taken to aveid severing or
damaging renal nerves. Endrin was infused as
described above and, following a steady-state
response of renal blood flow, phenol was applied
to the renal pedicle. Flows were followed to
determine the effects of the chemical denervation.
Surgical denervation was then performed.
Phentolaminet (2.5 mg) was injected into the
renal artery after flow had stabilized, and con-
secutive 30-second flows were taken for about 5
minutes. Phenoxybenzaminett (10 mg/kg in
100 ml of saline), another adrenergic blocking
agent, was added to the reservoir and infused
intravenously. . The experiment was terminated
after monitoring systemic pressure and arterial
renal-blood-flow changes for a maximum cf 30
minutes.

B. Renal denervation experiments on adren-
Alectomized animals. Six animals were adren-
alectomized surgically, then prepared and treated
as above.

t Regitine—obtained from Ciba Pharmaceutical Co., Summit,
N.J.

+4 Dibenzyline—supplied through the courtesy of Smith,
Kline, and French,
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II1. Results.

A. Renal denervation exrperiments (five dogs).
These animals showed a marked jncrease in renal
resistance with decreased renal blood flow, sys-
temic hypertension (Figure 2B), and brady-
cardin (Figure 3) awithin 10 to 20 minutes after
infusion of endrin. Denervation of the renal
pedicle produced a variable effect on renal blood
flow. In some instances, n mild increase in flow
occurred. Injection of phentolamine into the
renal artery of these animals significantly low-
ered renal vascular resistance and restored blood
flows through the kidneys to a level nearly equal
to control values. GFR and filtration fraction

Development of bradycardia and hypertension after endrin in intact and adrenalectomized dogs.

showed decreascs at about 80 minutes after en-
drin, but subsequently rccovered (Figure 3).

B. Renal denervation 'n adrenalectomized ani-
mals (six dogs). The mean increase in systemic
arterial pressure and development of bradycardia
weré similar in adrenalectomized animals and in
intact-animal experiments (above). There was
a variable effect on renal blood flow in contrast
to resuits obtained fromn animals with intact
adrenals (Figure 2A). The mean effects of de-
nervation and phentolamine were less than those
observed in intact animals, although infusion
of phenoxybenzamine resulted in a marked in-
crease in blood flow. Filtration fraction re-
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Fravee 28, Effects of denervatlon and adrenergic-blocking agents on adrenalectomized dogs administered endrin.
Mean changes and standard errors for systemle arterinl pressure (SAP') and renal blood flow (RBF) for ench
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Ficrre 2B. Effects of denervation and adrenergic-blocking agents on intact dogs administered endrin.
Mean changes and standard errors for five intact dogs arve as deseribed for Figure 2A. p values for SAP m‘e
0,1 or larger for all maneuvers except the response to phenoxybenzamine where p value I 0.05. P values for
RBF are 0.05 for response to endrin and phentolumine and 0.1 or larger for: responses to other maneuvers.
p values were calculated as in Figure 2A. : '
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adoinintered endiit
p valuen for GFR nre (L1 for all polnts except

the 30quninute wample 1n Intaet unimxls, which (8 000 p

values far FF. L oare 0.1 ar b for gl poinis plotted,  p values for heart rute are (01 for the 10auinute point
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Poluts at the tolr of the figure Indicste the wean tie at which the procedures sndivuted In Flgures 2A and

2B were doue.

mained constant, and GFR showed only a slight
depression at un earlier time (Figure 3). Figure
1 shows the record of development of hyperten.
sion and beadycardia after endrin in typieal m-
tact and udrenalectomized animals,

IV, Discussion.

Factors that mny be invelved in changes of
rennl function after endrin poisoning are the
effects of endrin on the adrenal glands, the cen-
tral nervous system, snd on the kidney directly.




Intact dogs in these studies developed decressed
glomerular fhtration rates and penal blood flow
with systemic hypertension and hradycardin dur.
ing the first hour after exposure and demon-
strated w tendenry to return toward cantrol
values with time {Figure ).

It appears that endrin hns no direct effect
un the kidney vasculature, sinre previous work
has detonst pated that swdrin stimulated the sym-
patho-ndrenal system, and an adrenergic block-
inge ngent caused return of rennl blood fluws
toward control vulues. Auilsls that wers adien-
alectomized sbid uot develop the marked increase
in renal recictance seenn ity Dt aninmbe Lack
of response in adrenndectomized dogs  (Figure
2A) and the sharp increase in renal blowd flow
when phentolunine was administered to intact
aninmls (Figure 213) are evidence that changes
in renal vaseulnr resistance are pritharily due
to virculating catecholamines.

Changes in GFR in intact anjmals coincident
with development of hypertension and decreasad
renn} blood flow could also be accounted for by

cireulating aggents that cause nfferent arteriolar
canstriction,

The nutoregulatory response uf incteased renal
resistance to syslemic hypettension has Dwen
shown to be anly n fraction of the tntal change
seott i endrin poisoningt Tu the adrenalec.
tmized animnls, thix oot regulatory response be-
comes more significant as systemic hypertension
aned bradycardin develop to the aame extent in
adrenalectoinized animals ax in intact (Figure 1)
but with o mch smaller increase in renal vas.
cular resistnnce (Pigures 20 and 2B},

Fffeets of the contral iervous system on the
kidney mny be derived (4) dlswtly from neumi
vuntrol of the reani vascular bed o (b) indirectly
from central nervous-system-potentiated systemic
hypertension and adrensl-ghand discharge, Di-
reet neural control has a minor nnd variable
role as indicated by changes in blood flow dur.
ing the denervation experiments (Figure 2A
and 2B). Systemic hypertension causes ne auto-
regulatory response that hay previously boen
shown to play a minor role in changes in rennl
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vaseulir tesistanee.t This evidenev indivafos that
the major influence causing clinges in the renul
vascular bed in eesponse to acute endrin poison-
ing was fram etfects of cirenluting cativholumiies
ariginating fram the adrenad glands

The schemn of Figure 4 presents a sumioary
of ways in wiich endrin oy nifect tie kidoey

hemodynamivally  and  functionally,  directiy
through central nervous systenr potentinted -
lense of catecholamines and sympathetic nerve
diswharpe, e indirset]ly theongh aystemic hyper
tension wid attaregulation in neale pasoning and
terminal systemie hypotensiog i chronie poison.
ingt
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PROBLEMS IN AERIAL APPLICATION:
II. Peripheral Vascular Effects of the Insecticide Endrin®

I. Introduction.

A clearer understanding of the mechanism of
action of insecticides is needed in order to deal
more comprehensively with insecticide poison-
ing. This is especially true in the case of crop-
dusting pilots, who are repeatedly exposed to
insecticides. Acute exposure to chlorinated hy-
drocarbon insecticides may be fatal in animals
or man, whether absorption is by ingestion, in-
halation or dermally.* This group of insecti-
cides includes a large number of compounds,
ranging in toxicity from DDT, which is only
moderately toxic to mammals, to endrin, a
highly toxic poison in animals and man. Until
recently, little was known of the cardiovascular
effects of endrin poisoning. Reports from this
laboratory have shown that lethal intravenous
infusion of endrin causes severe cardiovascular
alterations in the dog, including early hyperten-
sion followed by hypotension, bradycardia, in-
creased cerebrospinal fluid and cerebral venous
pressure,? and increased renal vascular resist-
ance.’®  Hyperactivity of the sympathetic and
parasympathetic nervous systems also has been
indicated.> The chlorinated-hydrocarbon insecti-
cides aldrin and dieldrin also cause deleterious
vascular and neurological effects in animals.® ¢
The present investigation was undertaken to de-
lineate the peripheral vascular effects of acute and
lethal endrin poisoning in the dog.

II. Methods.

Mongrel dogs of both sexes were intravenously
anesthetized with sodium pentobarbital, 30
mg/kg. Pressiires were obtained with Statham
pressure transducers and recorded using a San-
born direct-writing recorder. Heparin sodium,
3 mg/kg body weight, was used as anticongulant.
Ten experiments were completed as follows.
Pressures wer~ obtained from four sites along
the vascular system of a dog forelimb using a
modification of the Haddy technique to seg-

¢ With the assistance of R, K, Ilopln and C. C. Gil.

ment the limb vascular bed ;> limb-brachial-artery
orifice pressure (LLAP) was taken as nortic blood
pressure; small artery pressure (SAP) was ob-
tained from a PE 50 cannula placed in & meta-
carpal artery and advanced retrogradelv under
the foot pad; small vein pressure (SVP) was
measured through PE 50 tubing secured in a
digital vein with its tip pointing upstream; and
large-vein orifice pressure (ILVP) was maintained
at atmospheric pressure. The forelimb was sur-
gically separated from the body except for the
bone, artery, and, in half of the series, the major
nerves, The limb was perfused at natural flow
through the intact brachial artery at the dog’s
systemic arterial blood pressure. Venous blood
flowed by gravity from the cut brachial and
cephalic veins into & plastic reservoir and was
returned to the animal through a cannulated
femoral vein by a Sigmamotor pump. The ex-
tracorporeal system consisted of plastic tygon
tubing and was primed with 100 cc of high-
molecular-weight dextran.**  Limb-blood-flow
rates (BF) were obtained with a graduated cylin-
der and stopwatch. Resistances were calculated
by dividing the pressure difference across a par-
ticular vascular segment by the total léo blood
flow (limb resistances: total=LAP-LVP/BF;
arterinl =LAP-SAP/BF; small vessel=SAP-
SVP/BF; venous=SVP-LVP/BF). Aortic
blood pressure of the animal was recorded from
a cannulated femoral artery. Hematocrits and
pH’s were determined frem femoral vein blood,
Electriceal activity was recorded from a flank
muscle of the dog (biceps femoris) and from
a muscle group of the forelimb being studied.
Stainless-steel ncedles, placed longitudinally in
the muscles 4 to 8 cm apart, were utilized. Lethal
amounts of endrin insecticide, 10 mg/kg of body
weight, were infused intravenously at 0.5 to 1.0
ml/min. The ethanol solution contained ap-
proximately 25 mg/ml of endrin.

** Obtained from Cutter Laboratories, Berkeley, California.



Five, innervated, isolated, dog-limb prepara-
tions were prepared as described above except
that the bone was severed to allow continuous
weighing of the limb with a strain-gauge weigh-
ing device. Changes of limb weight of 0.1 gram
could be determined accurately.!* .Animals were
pretreated with the muscle relaxant succinyl-
choline chloride (Anectine, 0.5 mg/kg body
weight) to prevent convulsions that interferred
with limb weight measurements. Additional
succinylcholine was given as needed. Respiration
was accomplished by means of a Harvard con-
stant-volume respirator. Endrin insecticide was
given, and all parameters were followed for 30
minutes, at which time the limb nerves were
severed. The adrenergic blocking agent, phento-
lamine (Regitine, 5 mg), was then injected into
the brachial artery.

Ten control experiments were completed in
which the animals received only the alcohol car-
rier used in the endrin-infusion series, Five
limbs were innervated and five were denervated.

III. Results.,

A. General. Severe tonic-clonic convulsions ap-
peared in all animals approximately 10 minutes
after the onset of endrin infusion, except in the
succinylcholine-treated group. Electrical activity
in the dog flank muscle of both groups reached
a mean peak frequency of 223 per minute 20 to
30 minutes after endrin. Bradyeardia, copious,
mucoid salivation, and hyperexcitability to noise
also occurred.

B. I'nnervated jorelimb cxperiments. Mean data,
with standard errors, before and after infusion
of endrin are presented in Figure 1. Total limb
vascular resistance increased from 2.5 to 4.6
resistance units (mm Hg/ce/min) 10 minutes
after endrin and rose to 5.2 units by 30 minutes.
Most of the early increase occurred in the small
vessel segment (small artery to small vein),
while the arterial segment contributed the major
resistance to blood flow during the later phase.
Limb blood flow decreased progressively from
approximately 20 to 6 cc/min per 100 gm. Mean
electrical activity rose from near zero to peak
frequency of 284 and 435 per minute in the dog
flank muscle and forelimb muscle, respectively.
Systemic arterial blood pressure showed an early
increase but decreased from 20 minutes post-
endrin until the end of the experiment. These
changes were accompanied by a marked fall in

blood pIT from 7.21 to 6.67 and increased hem-
atocrit. Respiration was spontancous and essen-
tinlly the same frquency as the convulsions.

C. Denervated forelimb experiments. TFigure 2
shows mean data, with standard errors, before
and after endrin infusion. Limb-vascular-resis-
ance increnses were similar to the innervated
group (Figure 1) for the first 10 to 15 minutes
after endrin. Beyond this point, limb resistance
increased steeply to high levels, most of this re-
sistance mcrease occurring in the small vessel seg-
ment. Limb blood flow decreased from 28 to 2
ce/min per 100 gm. Electrical activity increased
from a mean frequency of near 0 to 160 pe:r
minute in the dog flank muscle but did not
change appreciably in the denervated forelimb.
Systemic arterial blood pressure increased ini-
tinlly and fell subsequently as in the preceding
group. DBlood pH fell from 7.25 to 6.69 and
hematocrit increased.

D. Innervated, weighed forelimb experiments.
Figure 3 gives mean values, with standard errors,
showing the effect of endrin on leg weight and
other parameters. Arterial blood pressure be-
gan to increase at about the 15th minute follow-
ing the start of endrin infusion and continued
upward for the remainder of the experiment.
Blood flow in the isolated limb fell from 16 to
4 cc/min per 100 gms of leg and total limb
resistance increased approximately five fold, most
of which was due to an increased resistance in
the small vessel segment. Venous resistance also
increased approximately five times over centrol.
Concomitant with these changes was a steady loss
of leg weight (—5.5 gm) and increase in total
body hematocrit. Blood pH fell from 7.32 to 7.14,
a value appreciably higher than in the preceding
groups in which respiration was spontaneous.

Figure 4 represents mean data showing the
effect of denervation and adrenergic blockade on
limb resistances after endrin. Sectioning the
nerves to the isolated limb at the peak post-
endrin response resulted in an immediate fall in
total resistance of five resistance units, and sub-
sequent injection of phentolamine dropped total
resistance another five units. Most of the re-
sistance drop was in the small vessel segment.
Limb nerve section in control experiments de-
creased total 1imh vascular resistance approxi-
mately 100%, while phentolamine injected into
the same limbs did not appreciably affect limb
resistances,



Control experiments, in which only nleohol was
given, were completed for all of the preceding
growps and shoived no appreciable changes from
baseline levels.

IV. Discussion,

Results from this investigation show that fore-
limb vascalar resistance increases markedly with-
i n few minutes after intravenous administra-
tion of lethal amounts of endrin insecticide. Most
of the total resistunce increase is usually in the
small vessel segment, of which the arterioles con-
stitute the major resistance to blood flow.

Ao Jechanisms of rasewlar resistance changes, 1t
is apparent that sympathetic innervation of limb
vessels is not necessary for the large resistance
inereases following endrin administration, The
resistance patterns of the innervated and dener-
vated groups (Figures 1 and 2) are similar for
the first 10 to 15 minutes after endrin: however,
the experiments in which nerve section and phen-
tolamine injection were completed after endrin
indicate that the nerves can account for a con-
siderable portion of the total resistance increase.
Earlier experiments show that in the kidney the
increased vascular resistance that normally occurs
following endrin infusion is due primarily to
circulating eatecholamine-like agents but that
the nerves also play a role.® The observation
that resistance increases considerably more in
the denervated limbs than the innervated is note-
worthy. It might be expected that resistance
in the innervated limbs would increase as much
as, or more than, in the denervated limbs; how-
ever, the opposite occurs. Recall that most of the
early increase in limb resistance in both groups is
in the small vessel segment. However, resistance
in this segment begins to fall in the innervated
limb while it continues to rise in the denervated

ones at 10 to 15 minutes post-endrin, The
difference in these groups is probably due to the
high level of muscle activity in the innervated
limb and subsequent high local concentration of
vasodilator metabolites that antagonize the effects
of sympathetic nerve activity and circulating
constrictor agents. It has been shown elsewhere
that a slight local excess of metabolic breakdown
products causes an active decrease in limb resist-
ance, 1.0st of which occurs in the small vessel
segment.®

B. Mechanism of vasenlar fluid shifts. The dis-
proportionately large increase in pre-capillary
resistance compared to the increase of post-
capillary resistance and fall in limb blood flow
should result in a decrensed capillary pressure
and consequent loss of interstitin! fluid. This
is indicated in the last group of dogs, in which
limb weight falls progressively after endrin.
Most of the early weight loss can be explained
as n result of decreasing blood flow and, probably,
capillary reabsorption. The later fall in weight
when limb flow stabilizes appears due primarily
to capillary reabsorption of interstitial fluid;
however, resistance continues to increase so a fur-
ther decrease in vascular volume cannot be ex-
cluded. Since the hematocrit increases, it seems
unlikely that hemoconcentration :csults from loss
of vascular fluid in peripheral s! »letal muscle or
skin,

The development of severe hypertension after
endrin in the nonconvulsing group compared to
the hypotension in the convulsing groups is not
readily explainable.  Succinylcholine chloride
has no cardiovascular effects in the concentra-
tions used.* The extremely low pH’ in the con-
vulsing, spontaneously breathing dogs might play
n role in their failure to develop hypertension.’ ®
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PROBLEMS IN AERIAL APPLICATION:

I11. Mechanisms of Hemoconcentration During Acute Endrin Insecticide Poisoning

I. Methods.

A General. In 45 experiments, mongrel dogs of
Loth sexes were anesthetized intravenously with
sodium pentobarbital, 30 mg/kg. Heparin sodium,
3 mg,/kg body weight, was used as anticongulant.
Superiethal amounts of endrin insecticide, 10 mg/
kg body weight, were infused intravenously at
0.5 to 1.0 ml/min.- The endrin was dissolved in
95% ethanol (approximately 30 mg/ml). The
effect of the alcohol carrier has been previously
tested and has no systemic effect on the measured
parmmeters at the rates used. Pressures were
obtained with Statham pressure transducers and
recorded on a Sanborn direct-writing recorder.
In all of the following groups, mean systemic
arterial blood pressure and heart rates were ob-
tained from a cannulated femoral artery. Blood
pIT was determined before and after endrin with
a Beckman expanded-scale pH meter. Hemato-
crits were measured before and usually at 10-
minute intervals after endrin using a micro-
capillary centrifuge. Gross visnal and histologi-
cal examination of the lungs for edema was usu-
ally made at the end of each experiment.

B. Splerectomized and eviscerated animals. To
determine whether hemoconcentration after en-
drin is associated with splenic release of erythro-
eyte rich blood or if hepatosplanchnic pooling is
involved, the spleen was removed through a mid-
line incision in 10 dogs, while total evisceration
was completcd in 10 others. Endrin was then
infused into these dogs and was also given to
10 sham-operated animals.

C. Dog perfused-lung preparation. In each of
five experiments, a table dog was used to supply
blood to perfuse an isolated lung. The pulmonary
artery was connected to the femoral artery of
the table dog with tygon tubing, and constant-
flow perfusion of the lung was established with
Sigmamotor pump. The lung was removed from
the donor-animal’s body and placed on a plastic
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tray to allow continnous weighing with a strain-
gauge weighing device.” Blood from the cut pul-
monary vein flowed by gravity into a reservoir
and was returned to a cannulated femoral vein
of the table dog by a Sigmamotor pump. Pul-
monary-artery perfusion pressure was monitored
from the inflow tubing. Pulmonary blood flow
wns measured with a cylinder and stopwatch.
Endrin was infused into the pulmonary artery
of the isolated lung and passed to the table dog
in the venous blood. Any direct effect of endrin
on the lung vasculature shonld therefore become
evident before affecting the tahle dog.

D. Venous-return preparation. In contrast to the
other dogs, these animals received succinylcholine
chloride to prevent convulsinns. The basic prepa-
ration has been described in detail elsewhere.
Blood was led from the cannulated superior and
inferior vena cavae through tygon tubing into
a reservoir, situated m a warming water bath,
and returned to the cannulated right atrium with
a Sigmamotor pump. The azygos vein was li-
gated. Total venous return (cardiac inflow or
pulmonary blood flow) to the heart was measured
with a cylinder and stopwatch. The reservoir
level was maintained constant with the return
pump. Small-bore catheters were secured in the
pulmonary artery and left atrium through needles
that were subsequently withdrawn, and pressures
were recorded. Right-atrial pressure was recorded
from the inflow tubing. Total pulmonary vascular
resistance (pulmonary artery—left atrial pres-
sure/pulmonary blood flow) was calculated at 10-
minute intervals after endrin. All of the above
parameters were followed for 60 minutes after
endrin administration. An earlier report from
this laboratory has shown the venous-return pre-
paration to be comparably stable over this period
of time and usually longer.!

E. Mean corpuscular volume. In five splenectom-
ized dogs, blood pH, duplicate hematocrit, and
duplicaie red blood cell counts were determined
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before and 15 and 30 minutes after endrin, Mear
corpuscular volume was caleulated by dividing
the percentage of red blood cells per 1.000 ml of
whele blood by the red cell count (erythrocytes
pet vubic millimelter of blond).

Il Resulls

(ieneral effects of endrin seen in all groups
inchide severe tonic-clonic convulsions and hyper
cxciiability (o nolse (except i ruccinylcholine-
treated animals), bradycardia, copious mucoid
mlivation., decreased blood pH, and increased
hematocrit as previously reported. Hiddological
examination of lung tissue in nll gronps after
endrin showed little evidence of pulmonary
edemn; however, by gross examination, some
lungs appesred edematous.

Mean values, with standard errors, of percent
change in hematocrit from pre-endrin levels and
systemic arterial blood pressures from 10 splenec.
tomized, 10 eviscerated, and 10 sham-operated
dogs receiving lethal amounts of endrin are
graphed in Figure 1. Arterial blood pressure of
the sham-operated group failed to fall until about
20 minutes after endrin but decrensed steadily
beyond this point. Bloed pH decreased from
7.20 to 6.85 and 6.84 Ly 30 to 60 minutes, respec-
tively, after endrin. Arterinl blood pressure of

the spleneciomiend wind eviscerated groups began
to full immedintely after endrin and continued
downwatd to tevels significantly lower (P« 0.01)
than the sham-operated group by €0 minutes
post-endrin,  Blood pil in the splenectomized
dogs decreased from 7,20 to 6.66 and 6.71 at 30
and 60 minutes, respectively, after endrin; blood
pH fell from 720 to 6.0F and 640, respeetively,
at 20 and 80 ininutes post-endrin in the eviscer-
ated growp, The hemataerit jucreases of the
aplenectomized wisl eviscerated pgroupr are not
sigmificantly  ditfferent (8% inerense ench) and
attained & value about ki as high as the shan.
operated group (14% increase) by W minutes
after endrin,  This relationship was maintained
ad the hemntoerits remnined reintively constant
(8%c, TC¢ and 157¢ incrense respectively) from
30 to B0 minutes o fter endrin,

Table 1 shows the effect of endrin on mean
corpuscular volume, hematoerit, red.cell count,
pH. and arterinl bloml pressure in five splenec-
tomized dogs,  Arterind blowd pressure fell, severe
acidosis developed, heuntoerit inerensed, erythro
exte concentration inereased sdlightly, and the
calculated mean corpuseular volume increased in
four of five experiments.

Figure 2 gives menn datn, with standard errors,
showing the effect of endrin on the table dog nid

Tanig 1, Effect of endrin on miean varpuseulur volume in splenectiomized dom

Titne after Al Het K¢ Acy

Eip. No, endrin (mig} (sm Han plt (%) x10% {ey mm) ey )
1 o 173 7.31 43,0 T8 o4
13 100 T2 40.0 B8 w3

30 130 As2 MO LY w0

2 (1} 160 T arn S .0
15 145 730 335 a.50 aTa

30 33 440 375 Gin L0

3 0 135 T 310 sl a1.8
15 180 7.18 Hin Y 0.8

30 3 3.30 R7.5 S.80 4.0

4 0 185 ) 0.0 1§ 0.5
15 175 732 47.0 u.83 48.7

30 1 .50 0.5 .83 o

5 [i] 145 732 5.0 711 33
15 145 T52 {4.0 745 018

30 100 0.5 M0 700 083

Average eadrin infusiun tiwe = 0 min: ARE S menn systenie arterind bluod presaure Het = blood hematacrit; ROC = erythrocrty

count: MCY = mean curpuscular volutue.
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imoluted long. Lw eystemie arterind blood pressure
of the tuble dog decreased, pulimonary artery
pressire of the isolated Jung incrensed from 1o
to 20 mm Hyg. This rise indieates an inerense in
tatal pulinonary  vaseular gesistanee sinee flow
woeonstant, Ly veight undeewent o slight
inerense untl 13 minutes aftes endein aid then
devrensed by 5.2 g as pulnsniney aprery presire
avchievil a peak invronse,

Figure 4 shaws the aifet o tobnd pulimonary
rexistunee, hetatoerit, and systenie aeterind blood
pressuire in the venous return prepatation,  Sys
tetnie apteiial bhsnd  preseuree did onot change
sighificuntly by 20 mimtes wfter endrin, while
prlionary vaseular  resistinee inerensed from
2 to 007, Hemutoerit inereassd during this
period from 4 to 45 and stabilized we this
vilue,  From 20 to #0 minutes after endrin, sys.
temie arterial pressire inereused markedly and
fell to w value «till nhave vantral hy 60 minutes.
Duving this period, padmonary vaseulure resisi-
anee remained at an elevated value, The develop-
ment of exteeme hypectension after endrin in
these syeeinylelobine-treated  uninmnls  (nonecon-
vulsing) was n consistent finding and is in marked
vontrast to the varly hypotension in the aninmls
in which convulsions are nut prevetal  This
striking ditference is not readily explijnable but
miny be rvdisted to the more sovers acidosis tig
developad in the vonvulsing dugs or ta the con-
vithsions,

Figure 4 gives mean vahues with stidard errors
showing the effvet of vadein on several paimmeters
in the same venous return animals of Figure 3.
Cardine inflow {pubmonney bioal flow) © ereased
from 70 to 83 e min per kg of duge by 30 minntes
after endrin as previously obsepved (Reins, 1.
and Lo B Hinshaw, unpublished ohservations),
After 40 minntes, pubiosnury blaod flow began
to deervase and levelad ot 29 ee min per kg by
the experiments end. Left atrial, pulmonary-
artery, and right atrix] pressure incrensed mark-
edly by 20 minutes post-endrin.

111 Discussion.

The hemntoerit e inereass due to un inerense
in ¢rythrocyte size and or an incrense in erythro-
cyte concentrution, The concentration of red
Blewad vebls cun inerense through (a) loss af plusinn
witter as a result of filtration; (hy wddition of
arvthraeytes to the civentating blood volume: or
(¢} u combination of both,  Results show that
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appresimately half of the vise b latimtoct it wlier
endrin oceurring in intact sham-opersted dogy is
prevented by removal of the apleen, indieating
that expulsion of coll rleh Bload from spleen
storage’ 18 responsible for an appreciable portion
of the hematociit elovution,

The henmteerit incrogse soen in spleneclomized
degts apprars (o invelve other mwwhanisms: An
effective mcans for concenfrating red blood cells
is by extravasation of vasculnr fluid, but this
dovs nof secri o ocvur i the hepatasplanchaic
region as evidenced by this study and in unother
report showing no evideive fal s of caseulur
water i skeletal musele { Esersan, T, B Je, and
Ihinshinw, §o B, submitted for publieation), The
midmananey vasenlae bed is o possible site for Joss
of visenlur wites snd cannot be exeluded as being
involved in the post-endrin hematocrit increase.
Even thengh Jung weight fell in the isolated, per
fuserl Jungs, this could be due to pulinonary vos-
eulur constriction following release of catechola-
nune-like agents into the blood after endrin’ with
displucenent of inteavaseulur volume, It ix also
possibiv that in these experiments n predominant
pre-capillury constriction occurred, and effective
capillary filtention decreased. However, this con-
dition may exist only in the lung isolated from
the henrt, in which pulmonary vein orifice pres.
sure is alwnys zero. In the venous return ex-
periments, left atrial pressure increased to 8 maxi-
mum wesn vilue of 24 wn Hg, which presumably
incrensedl pubtonary enpillary  pressure by an
alost equal smonnt. It has been demonstruted
by others thut pulmonary odemn results when
puhnonary venous pressure approaches ar exceeds
plvsmin-collnid-osmotic: pressire, which avernged
220w Hp in their stwdy,”  Assuming these
datn as o goide, pullionary venous pressure in
our experiments nust have approached or ex-
veeded  colluid-osmotic pressare, amd some Joss
of pulmonary vaxeular water probably occurred,

An earlive report from this labaratory! demon-
stented a mirked dnerease in cerebini venous and
cerebrospinal fluid presure after endrin, which
suggests the possibility of vascular fluid loss in
the beain aven.  Anather potentind aven for Joss
of plasmn water is through the kidney secondary
to i inerensed nrine flow rate if endrein has an
early diuretic effect, However, this possibility
has not been adequntely explored.

The development of severs neidemia should Jead
tu un increwsed hematoerit subsepuent to an in-
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creasad ervihiveevte wize ue to the Hamborger
{hienebonate) shifts Athough wean cobjaisen-
tne volume (MOV) inereases inanost apinmls at
i diffieult to accept the dirsctionad cliange with
great assuranee. The inherent seror in viiinera

tinn of red colls, whivh = neeessary ta calealate
MOV s on the atder of 119 when duphieate
samiples are uied and can be higher. However,
the tendency for MOV to increase suggests that
sate of the unaccoutted tise in hematocrit in
splenectonilzed dogs is attributable to an incrense

in red cell size. The number of red blood cells
per rubic millinveder of bload also lucreased in
four of five experiments, which suggest some loss
of plasmia Auid from the vascular compartment
a8 discussed in precedhiug paragraphs,

The fuct that systemic arterin] blood pressure
ted cnpiline asubpit aud henee eardine work were
betos vontral when Ioft atrial pressure wov ele.
vated by 20 minutes poxl.endrin demonstrates o
failing fieart. A possible cardine detion of endrin
medils furthor investigntion.
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ENDRIN INFUSION
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wry thoe,
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Fraray 2. Mean saluex 5 stundard errors from five dog pump- erfused tsolnted lung experhivents i wrich endrin
wits nfused e shown, Dog SR = table dogs mean systemle arvterial sl pressurs; Het = blood bematoerit;
A lung wt = change n falated nig welght from control: PAER = pubionuey artery pressure, Pulmonary blood
How wnes consten!,  Eudrla lefusion began at wsvo thue,
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PROBLEMS IN AERIAL APPLICATION: levels Release

1V. Effect of Endrin on Venus Return and Catecholamine Release

L Introducticn.

Hypertension  followed by hypatensiun and
death have been rveported in dogs poissned with
endrin * The purpose of the present study was
to examine changes in enrdine ontpat  (venous
return), total peripheral resistanee, and plasma
amd awdrenal estecholamine levels as related to the
development of hypertension in dogs neutely poi-
soned with endrin,  Studies were performed in
totully perfused dogs in which conditions of
pressure and flow could e centinnously monitored
and evaluated.

II. Methods,

Experiments were performed on 50 adule mon-
wrel dogs of Il sexes. Six dops from the intact
group aud five from the eviscerated series served
as con rol animals and were treated as experi-
mentais except that they received no endrin,
Convalsions ordinarily rvesulting from endrin in-
fusion were prevented by immobilizing animals
with succinyleholine chloride as previously des-
cribed.”  Intuet dogs were prepared as described

both artery and vein at these times for (3, and
€O, determinatirns by the method of Van Slyke
and Neil. At the end of the experiment, adrena}
ghuds and tissue from the left ventricle of the
heart were quickly removed and frozen with dry
ice. Estimations of epinephrine (E) and nore-
pinephrine (NE) were made by the method of
Anton and Sayre, using the Aminco-Bowman
spectrophotofluorometer. Recovery was estimated
with each set of analyses by carrying known
amounts of epinephrine and norepinephrine
through the entire assay procedure. Mean recov-
ery values were 85268% (SE=x435) for E and
73.85% (SE :2.64 for NE,

A tozicity study was also made with 24 dogs
anesthetized with sodium pentoburbital. Endrin
was given by intravenous injection, and survival
times were noted. Data from six intact control
dogs indicate that the volume of solvent (ethyl
aleohol) used produced no etfect on measured
parnmeters,

Previous studies'-** have shown that u maxi-

by Weil, et al.' in order to measure tota] _ ™MW response in the parameters of interest in this

venous return.  Evisceration was done in one
sevies of experiments.” Endrin or a solvent blank
was infused into the veservoir after a2 minimum
wquilibration perid of 10 minutes.

Polyethylene catheters in the femoral artery
and portal vein were connected to Statham pres-
sure transducers.  Systemic arterial pressmie
(NADP) and henrt rate were recorded on o San-.
born direct-writing recorder. Portal vein pressure
was ulso recorded froni intact animals but showed
no changes.

Total venous return was measured divectly with
a graduated cylinder und stop watch. Stroke
volume and total periphera] resistance were cal-
culated from measured purumeters. Blood samples
for determination of pH, hematocrit, and cate-
cholamines were taken immediately preceding in-
fusion of endrin and 30 and 60 minutes after
infusion, Bleod sumples were also tuken from

“study was achieved hy using an‘endrindoseof 10—~
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myr kg, Where applicable, statistical significance
was determined by applying the “t™ test to the
mean of control and experimental values at a
given point in time.

HIL Results,

Results from the various measured and caleu-
lated parameters are shown in Figures 1 and 2
{intact dog) and 3 (eviscerated dogs) and Tables
1 and 2. Control and experimental dogs were
treatedt identically until infusion of endrin was
begun. Data obtained at these points were pooled
and used us pretrentment values in the figures.
A, Intact dogs (10 2xperimento?, 6 control dogs ).
These dogs responded to endrin with a decreased
heart rate and incrensed SAP. Venous return
increased from a mean of 33 ml.min/kg in the
control period to 89wl minskg (P<0.01) during
the 30 wminutes. Tuta)l peripheral resistunce

Lk gl e
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{TPR) increased slightly in coutrel dogs and
decrensed siyghtly in experimental dogs (P <)
ot the end of 45 minutes (Figure 1), Hematooerit
and pl vemained relutively constant.

During the fist 30 minutes, oxygen uptake ie-
mained constant for experimental animuls, then
doovenced from 4.5 to 2.9 md min kg 4t 60 pinntes
(Peaz2i. Oxygen uptake for controls demon-
strated an over-all decrease as compared to zero
fime.

E plasma level increased sixfold at 30 minutes
to 4.7-fold at 61 migutes (Figure 4.\), whereas
NE incrensed {enfold nfter 60 minutes (Figure
+8).  No significant chianges in plisma levels of
E or NE occurred in control dogs during the 60
minntes of observation (Figures 4\ and 4B).
Concentration of epinephrine diminished in ad.
renal glands. No change in catecholamine con-
centrations oceurred in cardiac tissue (Table 1).
Tamr 1. Tixsue levels of epinephrine awd noveplnephrine,

Epluephrine Narepinephtine
Contrals Treated Cantraia Treated
Adrenals €4)* B48.8 (0) G187+ (4] 1ARN (3) 14
HEpY *8E R34 >4 + 305 +245.0
Henrt (4) 0188 (3 181 (4) 0516 (5 500

wk/Rin 8K + 0.0 10,005 0.0 0,065

* Number of apinala given in parentleses.
¢ Differs from controla at P01 level.

B. Kvixcerated dogx (fire control dags. fire ex-
perimental dogs). Heurt rate decreased in both
control and experimental dogs of this group.
The decresse in experimental dogs was greater
than that of the controls (P <005 at 30 minutes).
__SAD of experimentul dogs inerensed above that
of control dogs ufter 20 minutes nnd remained
elevated for the duration of the experiment (Fig-
ure 3). Stroke volume increased from 6 to 9 ml
in experimental animals at 20, 25, and 30 minutes
{P<0.l, Figure 3). Venous return decreased in
bath control and experimentn] dogs. Flow from
experimental animals ditffered maximally from
control animals at 30 minutes (P<02). TPR/
kg in the experimental dogs incremsed only
slightly nbove that of the control values (P<0.2
at 60 minutes). pH level of plasma from experi-
wental animals decreased until the pH wuas one
pH unit below that of controls (P<0.1) at 60
minutes, Hematoerit increased only slightly in
this group of dogs,

(. Toxicity study (24 dogs). Results from this
study nre presented in Table 2 and show the

Lo to be 5 mg/kg.

Tama 2 Tonolty of endiln &iven litravenously o dogs.

Dase YU ¢ Mortulity Mean sursical
(g kg nnimala 1) tinw (hey +=ME
10 o 1 211 +0n67

o [ HLH 47 Hold
3 8 ki 2000 > 81%
1 i n

1V, Discunssion,

Increased svstemic arterinl pressure has been
reported us nn early effect of a lethnl dose of
endrin administered to doags inmobilized with
suceinyleholine chloride,? but the mechanism of
this effect has not been previously eluciduted,
Sondies with the ehlorinated hydroearbon DDT,
a related inseeticide, huve indicated that inerensed
levels of catecholumines are a factor in the lethal
eardiovasculnr effects of this compound,™  In
this study with endrin, elevation of both epine.
phrine and norepinephrine levels and probable
pamsympathetic activation,* make it diftieult to
eviluate the exaet role of the cutecholamines in
the enrdiovaseular effects of this compound. The
higgh levels of epinephrine amd noreninephrine
found are probably of suflivient magnitude to
catise an increased SATP through increased cir-
culating blood volume, The high levels of epine-
phrine are, npparently, not producing the changes
in lieart rate that might be expected because of
an overriding effect of central nervous system
stimulation or carotid and cardinc reflexes,

Pressure in n closed system is dirvectly propor-
tional to flow and resistance of the system. Any
change in either of these Intter parnmeters will
effect a change in pressure, In the present study,

~ venous return increased with corresponding ele-

vation of cardine output while TPR was not
apprecinbly altered (I’<0.2 at point of pgreatest
divergence from controls)., Evisceration of dogs
greatly diminished the incrense in venous return
after endrin, indicating that the primary source
of increased circulating blood voluine was visceral
vasculature. The possibility of extravascular dilu-
tion was not considered probuble since the hemato-
crit tended to increase even in the evisverated dogs
when the splenic stores of RBC' were removed, ns
has been reported in splenectomized dogs during
acute endrin intoxication.®

Isoluted liver studies have demonstrated that
injected catecholumines cnuse the organ to dis-
charge stored blood,'* and splenic contraction has
also been shown to be enused by incrensed levels
of epinephring und norepinephrine.’? The level
of these substances in the circulating plasma as




fonind in thie presend shuies i preasmsd suflicient
to cause this action. An inereased meiabolwe
activity might also be expected to ense emptving
from viseernl panls, but n deervnse i oxygen
uptake after endrin indicates a lessened aetivity,
Pwpletion of epinephirine content of the advenad

of deoges trenied with endrin andicates (s surce
of the high plasma levels of this horimone. The
level of novepinephrine in the adrenal did not
change, and epinephrine and norepinephrine lev-
eis in the myocardium remained unaltered.
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PRCBLEMS IN AERIAL APPLICATION:

V. Effrets of the Insecticide Endrin on the Cardiovascular System

I. Introduction,

Actute and chronie effects of the chlorinsted
hydrocarbon insecticide endrin in dogs have been
previously reported 2 Evidence was provided
for an initinl action of endrin on the central
nervous systein with o sulsequent sympatho.
adrennl dischnrge?  Systemic hypertension with
murked bradyenrdin is an early manifestation of
endrin paisoning.! 2 These previous studies in-
volved either multiple injections of sodium pen-
tabarbital or succinylcholine chloride tor the pur-
pose of controlling vonvalsions during the post.
endrin period. The purpose of the present in-
vestigntion was to elnbomte further on the find-
ings of the earlier wtudiex. By auvoiding the re.
peated use of barbiturates or muscle relaxants,
possible effeets of thess ngents in modifying the
eurcliovaseular responses o endrin were elim-
inated, ‘The effects of endrin on the heart, pul-
monary bed. and systemic circulation were
evatuafed, and the role of the udrenal glands in
the early vasenlnr response to endrin whs de-
termined.

IL. Methods.

Severnl curdiovaseular experiments with the
chlorinated hydrocarbon insecticide endrin (1. 2,
3, 4. 10, 10:hexachiloro-6, T-epoxy-1, 4, 48, 5, 6, 7,
K, Raoetahydro-1, 4, endo, endo-b, K.dimethano-
uphthalene, obtuined from the Nutritional Bio-
chemienl Corporation, Cleveland. Ohio) were per-
formed on adelt mongrel dops intravenously
anesthetized with sedium pentobari..al (30 mg/
kg in body weight).

Previous studies with endrin employed super-
lethal doses of endrin.'-#  Initial survival experi-
ments on dom have been performed to determine
the dose of endrin to be employed. Results of
these are shown in Table 1. A dose of 3 mg kg
was selected to be injected intravenously in all
expwriments (endrin dissadved in 83¢¢ ethanal,
20 mg-ml}.

‘L'he bas. experimental preparation was one in
which  total venous return was continuously
mensiured, nnd cardiae inflow was adjusted to
equnl venous return?  Animals were inspived by
means of 4 Starling constant volume respirator,
and the chest was opened by o midsternum split-
ting inrision, ‘The right atrium wits cannulsted
following heparinization (3 mg/kg) and ligation
of the nzygod vein. The superior and inferior
venae cuvie were separately cannulated and
drained into an external reservoir placed in &
water bath to maintain normal blood tempera-
ture. Hlood was returned from the reservoir
to the right atrium by a Sigmamotor pump man-
ually adjusted to maintain the reservoir level
constant (venous return equal to cardisc inflow).
Currert unpublished work in this laboratory has
shown insignificant volumes of blood to be
pooled in the pulmonary circnit after endrin,
the weight of the perfused lung decreasing after
endrin. —Cardine - inflow, as messured when the
blood . reservoir level remained constant, was as-
sumed equal to cardine output in the present
study, All cardiac output data, therefore, were
derived from flow rate into the right atrium.
Totul periphernl resistance was calculated by
dividing mean systemic arterial pressure by car-
diae output. Pulmonary vascular resistance was
cnleulated by dividing the pressure drop be-
tween pulmonary artery und left atrium by
pulmonary blood flow, Control experiments, in
which endrin was not given, were performed
in all instances. Teft and right atrial pressures
were measured in both the venous return experi-
ments and in th- isolated heart-lung preparation,
previously reported from this laborutory, and
aortic pressure was measured.

A metubolic ¢ ‘alustion was performed in which
oxypen uptake and carbon dioxide production
were determined after endrin by the Van Slyke
manometric procedure and in separate experi-
ments following ndministration of 1005 oxygen
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during the entire post endrin period. Samples
were collected in oiled syi1inges from the femoral
artery ennnuia and from the pooled venous out-
flow. Oxygen uptake was then caleulated from
the A-V difference using the measured outflow
(cardiac inflow) at that time.

As previously reported,! pH was found to be
decressed by endrin. It was thought possible that
changes in pH performed a role . causing con-
vulsions seen . endrin paisaning, so the organic
amine buffer THAM [Tris(hydroxymethyl)-
aming-methane, obtained from Abbott Labora-
tories, North Chicago, Illineis] was infused as an
isotonic solution (36.34 gm 7} at a rate that would
masintain bleod pH constant, The average vol-
ume of THAM required by the end of the 60-
mirnute period was b3 cc kg (SI) 2:4.3),

Heart rate. pH., and hemntocrit were measured
in all experiments. Plasma total catecholamine
concentrations were assayed by a semiautomated
fluorometric procedure.® Blood samples for cate-
ckolumine analyses were withdrawn at specified
intervals during a 1-hour period after endrin
in intact animals and in bilaterally adrenalecto-
mized dogs prepared as previously reported.®

Blood pressures were obtained by means of ves-
sel cannulution in connection with Statham pres-
sure trunsducers and registered on a Sanborn
multichannel direct-writing recorder. Al cardio-
vascular experiments were of an ucute nature,
terminating 1 hour after endrin administration.

II1. Resulis.

A. Systemic Vascular Responses—Figure 1
(all figures and tables are in the Appendix)
shows the changes in iean systemic arterial
pressure, cardiac inflow, and total peripheral re-
sistance within 1 hour after intravenous admin-
istration of 3 mg/kg of endrin. Six control
animals, not given endrin. showed relatively
stavle values during this period. Differences in
measured or calculated parameters were evalu-
ated for significance at 15-mivute intervals after
injection of endrin. In seven experimental an-
imals, significunt chunges in venous return (car-
dine inflow) and fotal peripheral resistance were
observed within 39 minutes after endrin injec-
tion. A marked rise in cardiac inflow was ob-
served to coincide with a steady drop in resist-
ance. Mean systemic arterial pressure remained
fairly constant. Convulsions beginning within
§ to 15 minutes after injection of endrin were
observed, and extensive salivation was seen in

&Il experiments, There was no - nsisteni corre-
lation between the onset of convulsions and the
onset of hemodynar. - alterations in all experi-
ments,

B Ca ‘monury Responses —Figure § pre-
sents firc s o1 the effect of endrin on the pui-
mouary v | essure and pulmonary .asoular
resistance.  hough pulmonary artery pressure
increases sip  antly. pulmonary resistumee is

relatively wne, aged because of the large in-
crease i pulmonnry bloed flow (Figur 1).
Mean left atrial pressure increased rmzigedly
within 15 minutes after endrin injection us shown
in Figure 3. Rigiit-utrial pressure remained lev
throughout most of the experimental perin~d.
Cardiae standstill occurred in some experi-
ments in which endrin was given, and the ex-
periments were neces -rily terminated. The most
critical period for deselopment of cardiac stand-
still was observed within 25 to 30 minutes after
injection of endrii. and affected about 20% of
the dogs used. To determine if endrin has a di-
rect action on the heart, n series of experiments
was performed on isolated heart-lung prepara-
tions, in which the cardiopulmonary circulstion
was totally separated from the remainder of the
dog. Details of the experimental preparation
have been previously described Ten experi-
ments were performed at an estimated endrin
dosage of 10 my/kg. Lased on the weight of
heart-lung dog. Results from these experi
are seen in Table 2 and indicate that left-heart
failure has occurred. I.eft-atrial pressures rose
to high values after endrin injection, while right-
atrinl pressures remained low, The more sus-
tnined elevated left-atrial pressures seen in the
heart-lung preparation may have been dv:» to the
higher dose. Experiments on the totally isolatad
heart support those on the intuct organ inasmuck
as effects are similar though occurring at a differ-
ent time interval,

C. Metabolic Responses.—Experiments were
performed to determine the effect of endrin on
oxygen uptake and carbon dioxide production,
and results ure presented in Figure 4, It is seen
that control animals show little change in these
purameters, whereas injection of endrin results in
marked increases in both oxygen uptake and car-
bon dioxide production. Oxygen was continu-
ausly delivered into the Starling respirator from
zero time to the termination of experiments in
the separate study depicted in Figure 4. Results




show that both oxygen uptake and carbon di-
oxide praduction are incrensed with oxygen ad-
ministration. Mean RQ values, however, remain
relutively unchanged in all experiments. All dogs
given endrin convulsed strongly. There was no
apparent difference in the degree of convulsions
seen in animals in each of the experiments shown
in Figure 4. ‘I'able 3 presents the mean arterial-
and venour-bload concentrations of these gases,
and it is seen that arterial and venous concentra-
tions of oxygen are very low within 30 minutes
after endrin, venous concentrations decreasing to
2 vol %. With oxygen administration, only
venous blood shows a drop in oxygen content after
endrin. The arterial concentration of carbon di-
oxide after endrin decreases at 60 minutes, while
the veno's concentration is seen to vary. It was
incidentally found that arterial blood was capable
of taking up more oxygen if it was equilibrated
in o tonometer with room air,

Acidosis was observed after endrin with pH
values regularly below 7.0 at 60 minutes post-
endrin. These data are seen in Figure 5. Infu-
sion of the organjc amine buffer THAM main.
tained the pll constant, but oxygen administra-
tion had no eflect (Figure 5). pH was well
maintained with THAM., but changes in hemo-
dynamic parameters were in the same direction
(Figure 6). Neither oxygen administration nor
THAM ‘nfusion altered changes in mean sys-
temic arterial pressure, although cardiac flow
(venous return) increased with THAM infusion
(¥igure 6). Large volumes (approximately 500
cc/experiment ) of an isosmotic solution of THAM
were required to maintain pH normal, This was
cunsidered instrumental in lowering blood vis-
conity and increasing circulating blood volume,
which would probably effect an increase in the
card'r: inflow (see effect of THAM on circu-
lating hematocrit, below).

D, Heart Rate, Hematocrit,and pH Changes.—
Figures 5, 7, and 8 present data on hematocrit,
pH. and heart.rate changes. There is somne evi.
dence of bradycardia after endrin, which is miti-
gated by both oxygen administration and THAM
infusion. Hematocrit changes are insignificant
in s}l instances (Figures 7 and 8) but appear to
fall with THAM infusion (Figure 8), presum-
ably because of the volumes of fluid required
to maintain pH constant, Administration of
oxygen had no effect on pH changes as nor-
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mally observed in anhithals given endrin alone
(Figure 5).

E. Adrenal Response.—Previous work sug-
gested participation of the adrenal medulls in the
vascuinr response to endrin? Experiments wers
therefore included in the present study to de-
termine plasma total catecholamine concentra-
tions in 2% dogs given endrin. Findings are pre-
sented in Figure 8. Control experiments (ani-
mals nol given endrin) showed statistically in-
sigmificant changes (P > 0.10) in mean plasma
catecholamine conventrativng, Animalx given en.
drin alone exhibited lurge u.can incresses in cate-
cholamine concentration from less than 4 g/l
of plasma to over 56 ug/l (P > 001) by the
termination of the experiments, Increases in
concentration were significantly depressed, how-
ever. when pH was maintained constant by use of
THADM{ values approximating only 10 ug/! by
60 minutes after endrin (P < 0.05, compared
with animals given endrin without THAM).
Increases in catecholamine concentration were
somewhat less (43 ug/l) when oxygen was ad-
ministered with endrin, but this difference was
not significantly different from animals given
endrin alone (P > 0.10). A series of acutely
operated bilaterally adrenalectomized dogs was
given endrin. Values of catecholamine were low-
est at zero time and increased significantly to 2.6
s#g/l by 60 minutes post endrin (P < 001),
Hemodynamic effects of endrin in adrenalecto-
mized animais are shown in Table 4. Responses

are-not significantly different from those obtained

in dogs with intact adrenal glands.

1V. Discussion,

The summary schema shown in Figure 10
helps to evaluate results obtained in these experi-
ments, Endrin injected intravenously at & dus-
age causing death in approximately 75% of the
animals appears to have at least two actions: one
on the central nervous system and one on the left
ventricle. It is not understood why endrin has o
damaging action on the left ventricle while the
right ventricle appears to be unaffected. It does
not seem feasible that the lung wouid rolease
an agent in response to endrin that would have s
depressant action in the left-ventricular muscula-
ture. Results from isolated heart studies do not
suggest that increased carlinc work caused the
left ventricle to fail, since both cardiac output and
sortic pressure remain constant after endrin.
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The presence of puimonars hypertension would
apply 2 greater strera to the right ventticle, but,
even in the face of this right atrial pri-sure ro-
mnined low. ‘The apparent adverse effect of en-
drin on the heart raises considerations regarding
possible target sites of netion of this class of in.
secticides,  Gowdey and coworkers * assert thet
offects of chlorinated hydrocarhon insseticides are
exertedd through stimulation of centmul mecha-
nisms, not periphernily. Recent work in this
laboratory has shown that endrin hag na direct
vasculnr action on the isolnted perfused liver:
neither hepatic-artery nor portal-vein pressure
wetw altered by endrin administration,

A notable festure in the present study was the
marked rise 1n venous return after endrin, and
the question is mised as to the mechanism of the
incrense. Endrin does not have a direct excitant
uction on the heart causing its output to increase,
thus elevating venous return. The increased vol-
ume of bload returned to the right heart nfter
endrin originates primarily in the hepatosplunch-
nic bed, since parellel experiments performed in
this laboratory * show no increase of venous re-
turn in abimals with total alxlominal evisceration.
The release of stored blood in the intact dog re-
sults in a continued muintenance of a high car-
dine output. Since the released blood remains
in the active cireulation, venous return is contin-
ually maintained nt a higher level. ‘The increase
in venous return is not induced by circuluting
catecliolumines, since udrenalectomy does not
modify the response. The slight though significant
elevation in plasma total catecholamines after

endrin—in adrenalectomized “dogs “suggests the

active participation of the sympathetic nervous
system. Releasing reservoir stores of blood could
result from a mnssive sympathetic discharge
that would augment the cardiac output by in-
creasing venous return. Systemic peripheral re-
sistance markedly falls with endrin administra-
tion, which could be due to the marked rise in
Llod flow. Read and coworkers” using un open-
chest dog preparation similar to that employed in
the present study. have shown total peripheral re-
sistance to be inversely related to blood flow on
a passive basis, The drop in resistance in the
present study could. therefore, he passively in-
duced, resulting in purt from u rise in cardine
output. Althuugh total vascular resistance repre-
sents net changes in resistuhce. some vascular
was may be dilating and some constricting.

Reins and coworkers ! have shown marked renx!
vasconsiriction, and therefore elevated resimtance
in the renal bed in dogs administered endrin,

Results from this study offer suppo:* for an
active participation of the sympathoadrenal sys-
tem as suggested earlier? The effect, however, of
greatly increased levels of entecholamines on car-
dine cutput as cbeerved in the present study is
surprisingly negligible. The humoral action of
endein is appurently potentinted by acidosis,
since maintenance of blood p¥ in the normal
range signiflcantly decreases the amounts of cate-
cholamines relensed after endrin. I does not
appear that hypoxia is a stimulus for catechola-
niine release, since administeation of 100% oxy-
gen does not significantly preduce the elevation
of circulating catecholamines over experiments
in which endrin alone is administered. The role
of relensed catecholamines in this form of stress
is unknown. since their circulation in large con-
ventrations appears to have little effect on any
of the mensured parmmeters, Centrul-nervous
stimulation apparently accounts for the cardio-
vascular effect of endrin as well as parasympa-
thetic participation in evoking salivation and
bradycardia. These latter effects have been de-
seribed by Emerson and coworkers ! after injec-
tion of endrin and by Gowdey and coworkers*
following the andministration of aldren. Prom-
inent central-nervous effects of the chlorinated
hydrocarbon insecticides have been documented
by Gowdey and coworkers® Treon and co-
workers.!! Arens.’? Bell,? and Conley.!

Consistent findings in endrin poisoning sare
avidosis and hypoxia, “Marked convulsions seen
in the present study may have interfered with the
normanl respirntory exchanges of blood gases,
since animals with endrin exhibit cyanosis. Alle-
vintion of acidodis and hypoxia ns performed in
the present study had no effeet on lessening the
severity of the convulsions. The convulsions ap-
parently result from a direct artion of endrin on
the central nervous system.

V. Summary.

Effects of the chlorinated-hydiacarbon insecti-
vide endrin i the cardiovas-ular system of the
anesthetized dow have been studiad, Results in-
dicate that enurin may display both central and
peripheral actions. Hemodynamie ulterations ap-
pear to result from central-nervous stimulation
and an apparent toxie action ou the left ventricle.
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A marked and progiessive inciease in vehous re-
turn {cardine oulpui) ecciin withia 30 minutes
fullowing endrin administration. ‘Total periph-
eril resistance falls significantly and remains
low, Eadrin appears lo exert a toxic action on
the left ventricle: left heart failure, demon.
strated by elevated lefl atrial pressure regularly
accurrnd, Endrin praduced n rise in pulmonary
artery pressure. but no changes in pulmonary
vascular resistance or right atrial pressure werse
olmervedt, The effect of the insecticide in in-
creasing cardisc output primarily through in-

R IR

direct pathways was opposed by the tendency
for Lieart failure to occur. Animals given endrin
exhibited large increases in blood catecholamine
concentration that were significantly depressed
when pH was maintained constant with a blood
Luffer. Bilatera] adrenalectomy significantly de-
creased catecholamine concentrations that, how-
ever. were significantly elevited over preendrin
values, CCardiovascular alterations were not sig-
nificantly correlated with blood concentrations of
catecholomines after endrin.
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TOTAL PERIPHERAL
RESISTANCE (MM HG/CC/MIN/KG)
i
|
|

Time, post-endrin Oxypen cdminlsisred
(minuics) (co/min/kp) (M TAR)

0 =N

10 5483 =40

0 50 119

30 44 =31

40 81 £20

80 810 £43
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Appendix

Fiovme 0. Effects of endrin and varlous treatment procedures or; plasma total catecho-,

lamine concentrations (mean valucs).

PLASMA TOTAL CATECHOLAMINES uB/l. (M *8E)

!
I |
Time ! : Endrin Endrin Adrenalec-
(min) i Control i Endrin plus plus tomized
i oxygen THAM plus endrin
[V} 1.1 £0.6 3.4 £3.3 3.7 £3. 4 1.5 1.0 0.7 +£0.2
(N =¢) (N==6 (N == 5 (N =5 (N =6)
+30 1.8 12,1 i1.56 £38.0 26.0 +20.0 6.6 +5.2 2.6 £0.8
N=0 | =g (N = 5) (N=5 (N =0)
+60 1.8 £1.9 : 50.8 330.4 3.4 £23.27 10.3 £9.8 2.6 + .8
(N =16) l (N=4) (N =4 (N == 4) (N = 6)
44




ENDRIN
intravenous
injection
CNS Lef? V:’Mrlclc
Symp‘thﬁic Adranals Pomlyn‘;’oa'hnlc
nerves . nerves
Heort Failure
: Excessive

Increased Marked salivation Decresased

venous increase Coardioc Output

return in plosmo

v catecholamines
Convulsions v
(Skelatal Bradycardia
. Musclas)
Decrease in
Increased effective gassous
cardiac transport in lungs
output
hypoxile

Decrease in
> vascular
cesistonce

Figvae 10. Suggested schema for action of endrin in dog.
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‘Tasts 1. Endrin toxieity studies in dogs.

A. Experimentals (five preparations)

Time
(min)

0
20
40
60

B. Controls (five preparations)

Time
(min)

0
20
40
60

ABP* RAP
(mm Hg) (mm Hg)
90 1:4.8 2.1 £2.0
90 +4.2 3.0 £2.3
86 7.4 3.1 £2.8
85 £7.5 3.2 3.1

sABP=arterial blood pressure.
RAP=right atrial presaure.
LAP=left atrial pressure.
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Tha 2 ' ! ‘
(mwkg) l 1 2 |3 | b 10
SR SO S MR S
No. anbmals. . ... . ] 5] 8 [ b
Menn survival “Permanent| 24 | 20 3 2
time« (hr' | SUPVIivors |
Percent mortalivy .., 0 {4075 100} 100
t H !
Tasug 2. Eflect of endrin on isolated heart (M I SE).
ABP* RAP LAP
(mm Hg) (mm Hg) {mm Hg)
91 £5.5 6.9 £3.0 8.4 +4.1
94 +6 5.2 2.1 10.3 +4.3
494 6.1 5.3 +2.2 14,3 4.6
92 +£6.8 5.6 +£2.3 30.0 4.0

Cardiac output
{cc/min/kg)

74 £5.1
76 +6.4
72 5.2
67 +5.8

Cardiac output
{cc/mln/kg)

80 £2.5
79 £3.1
78 +3.1
76 +4.05




Tamr 3. Effeet of endrin on blood concentrations of oxygen and carbon dioxtde (M £ 8E).

Time Oxygen Carbon dioxide
(ming {val T (vl )
Artery Vein Artery Vein
Contral (4] 17,13 10,42 10.78 +1.10 26,40 41.00 33.25 41.17

0
430 16,81 +0.90 10.29 +1.25 20.683 41.01 32,48 +1.14
4 19,10 40,02 10.65 1£1.20 24,77 £1.28 30,44 £1.232

Endrin 0 T8 10078 10.03 20.78 20,41 11,83 32,43 22.4¢
+30 10,84 21,07 2,12 1.3y 28.0¢ +£2.30 37.41 £2.08
+60 21 L L76 L83 % 1.12 10.97 +£3.23 30.456 +1.48

Endrin + 0 14,850 11,20 7.68 £1.35 $2.356 +2.48 38.86 42.34

uXyREN +30 16.64 11,20 4,92 £1.48 30.87 2,16 37.23 L15.56
480 14,74 £ 2,04 2,34 £0.68 28,406 +4.01 43.50 £1.11

TasLe 4. Effect of endrin following acute bilateral
adrenglectomy on hemodynamic parameters
in dogs (mean values, five animals),

!
! Mean Total
Time systemic Cardiac peripheral
post2hdrin arterial inflow resistance
pressure ]
(min) {(mm Hg) (ce/min/kg) | (mm Hg/ee/
min/kg)

0 ! 94 62 1.6

5 77 55 1.4
10 78 66 1.2
15 89 02 1.0
20 78 102 0.9
25 d 74 113 0.7
30 68 118 0.6
35 65 100 0.6
40 67 102 0.7
45 68 28 0.7
50 67 91 0.8
55 85 a3 0.8
60 81 83 1.8
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